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Introduction

In a recent paper (2) the senior author proposed a new design-called APBIB
design and an alternative approach for the estimation of the genetic ‘variances
D and H as defined in Mather (1949) in the studies of quantitative inheritance.
In this paper we shall present some numerical examples to compare the effeciency
of the senior author’s method with that of K. Mather (1949).

The APBIB design and the Author’s approach ’

In this section we give a brief account of the APBIB design and the
computational procedures of the senior author’s approach. As in (2) we shall
confine ourselves to experiments involving the F; lines, the F; individuals and
the parents and/or F, 1nd1V1duals

As noted in (2), the APBIB design is in essence a group- -divisible PBIB
design with two associates for the F; lines and the F; individuals, combined
with a randomized complete block design for the parents and/or F, individuals
(called augmented lines). For illustration, suppose that we engage bar F,
individuals and ba; F; lines each line with 7 individuals in an experiment. of &
blocks, each block with a;-+a-p plots and each plot with # individuals. ‘Then
in actually carrying out the experiment the first step would be to divide in a
random manner the F; lines and the F; individuals into b groups, each group
with a; F; lines and ar F; individuals; as a next step each group is allocated
at random to one and only one of the blocks, with the F; lines occupying a.
plots and the F, individuals occupying « plots. ‘The design is then completed
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by adding‘ b augmented lines (P; and P; and/or F/s) to eaclr ‘block to occupv
> the'remaining # plots and randomizing the order of the plots to make the
 usual hypothesis tests valid. - In such a layout it is apparent that any two Fs
or F, individuals in the same block appear together in one and only one block,

- Whlle any two - F; or F; 1nd1v1duals in-different blocks do not appear. together

in any block. Notice further that when an APBIB desrgn is adopted, the
following advantages can readily be observed: '

(a) It is less restrictive concerning the number of Fy lines so that the
sampling error due to segregation may be reduced to some extend.
' (b) It may control the soil heterogeneity more effectively without in-
_ creasing the size of the block while at the same time, the size of the plot
'may relatively be enlarged to control the sampling error of segregation in the
F3 I1nes :

(o) It renders the usual least square method as an effect1ve procedure for
est1mat1ng the genetlc values of the individuals. ,

Adoptmg the APBIB design we -now. proceed to: 1llustrate the pr1nc1paI

o ‘proceedures of the senior author’s approach for the -estimation of the genetic

varlances D and H as defined by:Mather(1949). Such an: approach -as given
in this paper 1s based on- the adoption of a ﬁxed model without genettc and

_environment 1nteract10n, as was noted ‘in (2).

i (a) Let Yia and Y;ray denote the jth F, and the j'th Fs 1nd1V1duals
'krespecuvely,j 1, 2...bNx,; j'=1, 2...bNy,. If Y;w and Yj'y appear in the

~ éth and the i'th blocks respectwely, then theadjusted observations Qr,; and Qr, i

Of Yiu) and sz) respectwely are obtamed as

Qng =Yj(1)_Bt »
QFSJ’—YJ'(z)“B;

Where B.. is the grand averag of the ith block z—-l 25
Slmllarly we. obtain the adJusted value Q¢ j,, of the ]"th augmented line as

Qe jo= z zri;'rka)—-brv... , j”=1,« 2.0,

where Y i@ is the observed value of the kth, 1nd1v1dual of the F"th augmented

. lme in the ith block and Y ..is the grand average
(c) Using the adjusted observations of the Fz andthe F; individuals as
, Well as the adjusted values of the augrnented lines, we obtain the estimates of
© the genetic values of the Fs and the Fs 1nd1v1duals and the augmented lines as

~ follows: The estimate Cirr of the genetlc value of the J”th augmented line is
';,obtatned as Qc ;) /rb. Denotmg by Ty and Ty the sums of the adjusted

k ”'k";observatmns of the Fa and the Fg 1nd1v1duals respectwely m the zth block and o
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by T, the ‘'sum of adjusted values of all augmented lines,  we obtain the
estimates fg j and f'g it of the genetic values of Y and Yj7 e respectively as

fzi=Qsz+71p—(Tng'+TF3i'+%Tc )s ]=1’ 2.. -bNFz

and Forr=Qe by (Tok Tagb 5= To), 51=1, 2...0Ns,,

provided that Yj¢) and Yj/¢ appear in the 7th and the ith blocks respectively.

(c) Based on the estimates of the genetic values of the F; and the F; k
individuals as given in (b}, the corresponding statistics of Mather Vi), V5,0
and VFS(c) , are obtained, with the estimate ¢ of o2 being given in the usual
analysis of variance table (Table 2. 1).

Table 2. 1. Analysis of Variance Table

[

‘S‘?;llg(;i?ogf , a.f. Sum of Squares Mean Squares | Expectation
Due to adjusted| df;=b{(Ng,+Nr,) . bNg, .
values of Fy, +p—1 1= El f2iQsy;
Ny, ,
F3 and parents 7 EFafsj:Qst.
and/or Fy: ji=1
b . .
+ ¥ € Qcjs.
jir=1
Blocks dfy=b—1 b _
SSs =N%(Bi.—Y... )2
2=
Residual dfe=p(rb—1) $S, =88, —88;—5Ss SSe/dfs =02 -2
' —b+1
Total bN—-1 = STV, Y—B. .
SSr= 2 Yk N

where, N=Ng,+Ng,+p7 : ,
(d) - Finally the estimates of D, H and ¢® are obtained by solving the
_following equations: ‘

DS H A (G KA KD = Vo Vot Vrgcor
%D%—%}L—H‘l- (K- %:Kz-i- %‘)Gg:VF,z(c)’i‘%VEs(c)‘f‘_;_vF;;(c)

5 (Kut 5 Kyt 50D+ (Kb Kok ) Ho (K4 KI42)0°

=Kergu>+K2VF3(c)+\7F3(c>+r;2 ,
N,
BN, —1) O

P(dxb—1)+al(b—1)
o .rplbay—1)

where Ki=1+

Kz-_—
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where N=Ng,+Np,+7p

Numerical Examples

For the comparison of the senior author’s approéch with that of Mather
(1949) as regards the estimation of ‘the genetic variances D and H, three
numerical examples were generated using the parameters given in Table (3. 1)

Table 8. 1. The relevant parameters for the generation of
the three numerical examples

Ex. I Ex. 1I ' Ex. 1II

u=0 p=0 #=0
da=dp=0.5  da=dp=5 Aa=dp=0.5
ha=hy=0.3 ‘ ha=hy=3 ha=hp=0.3
e~NID(0, 9) e~NID(0, 1) e~NID(0Q, 1)

{b1=4, b2=3, b3=2, b4=1 {b1=10, b2=8, bs=6, b4=4 {b1=10, b2=8, b3=6, b4=4
b5='—1, b5="'2, b1=—3, b5=2, b6=0, b1=‘—27 b5=2: b6=07 b7=""27

ba='—4 b8="‘4~ b8=—4
Ny,=32, p=4, r=16 Np,=32, p=4, r=16 Np, =32, p=4, r=16
N, =64, =2, a,=1 Nr,=64, =2, @y=4 Nr,=64, =2, g =4
Py; AABB=d;+ds;=1.0 Py; AABB=d,+dp=10 Pl;'AABB=da+db=‘-l.0
Py; aabb= —~ds—dy=—1.0 Py; aabb=—d,—dy=—10 - Py; aabb=—d,—dp=~1.0

and employing a fixed ‘effect model, the random errors e being taken from the
random normal deviates. These examples were generated according to the
following rules:

(a) In generating these examples we assume a fixed effect model as given
by

Fo; Yiso=p+bi+Faiteriar,
Fu; Yijraor=p+bitfosr+eiire,
and parents; Yijvrm=ptbitcinbeiitag, i=1, 2...0; j=1, 2...6Ny,;
=1, 2...b§33; =1 2...p; k=1, 2...r7,

where Y;ju) denotes the observation of the jth individual of T, in the ¢th block;
Y:j'e, the obseration of the j'th 'individuall of Fs in the ith block; Y:j'"a,
_the observation of the kth individual of the j”th augmented line in the 7th
block; fa5, fsi’ and cj denote, respectively, the genetic values of the Jjth F,
individual, the j'th F, individual and the 7”th augmented line; u is the unknown
population mean and b;, the effect of the ith block, i=1, 2...b. Notice that

-

=

o e




i

July, 1967 Tan and Wei—The Biometrical- Analysis 225

Y and Yii'ey may or may not exist ‘depending on whether or not the jth

F, and the j'th F; individuals appear in the zth block.,

Notice further that, since the estimates given in section two are derlved

bN» Y
under the restriction Ezfz; + Z fs:’ + br 2 c,n = 0, the estimates of the

genetic values in these examples are actually the estimates of the deviates of the

- : © BN P
true genetic values from f— 5N, +NF +f.b) Zszgj -+ 2 f3] + brjz',lc,-u)_
2 3 =

(b) The random variable ¢ were taken at random from “A Million Random
Digits with 10,000 Normal Deviates” of the Rand corporation, published by the
Free Press publishers, Glencoe, Illinois, USA. It follows that e~MID(0, 1),
as in examples 2 and 3. In example 1 we multiply each “¢” by 3 to yield
e~MID(0, 9). In this paper we do not intend to reproduce the observed values
of these ¢’s because there are altogether 1200 ¢’s in each example, which would
take up a big space for printing.

(¢) ‘The parameters f.; and fa;r, j=1, 2...bNF2,vj’=1, 2...bNy,, were
obtained on the supposition of two independent loci, denoted by A—a and B—5,
of equal effects and each with two alleles. Hence, given that the additive effects
A of—aq and B—b be denoted by d, and d, respectively while the dominant
effects of A—a and B-b by h. and h; respectively, we obtain the genetic
values (f’s) of the various genotypes as given in Table (3. 2).

Table 3. 2. The genetic values (f2; and fa;7's) of various genotypes in
the Fy and Fs; individuals

AABB AABb AAbb
do+dp dat+hy do—dp
AaBB AaBb - Aabb
“ha+dp ha+hy ha—ds

aaBB aaBb aabb
—dg+dp —dathp —dgs—ds

(d) Since our interests are centered on the comparison of the senior
author’s method with that of Mather as regards the estimation of D and H,
we purposely allocate the numbers of the F, individuals, the F; lines and the
Fs individuéls in each line to the various genetypes in accordance with the
segregation rule as given in tables 3. 3 and 3. 4. Under such an allocation of
the number of the F, and the F; individuals, it is clear that the disturbing
effect of the sampling error due to segregation is completely eliminated. In
table 3.3 the upper figure denotes the F, genotype while the lower figure,
the number of F; individuals with the indicated genotype in each block.ﬁ
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~ Table 8. 3. The allocation of the number of Fy individuals to
various genotypes in each block

B-b

AABB AABb AAbb

2 4 2
AaBB AaeBb Aabb

V—a

4 8 4
aaBB aaBb aabb

2 4 2

Table 3. 4. The allocation of the F, individuals to
various genotypes in the F; lines

Genotypes and their frequencies of Fg
Genogype of F; parent individuals in Fy lines
AABB ) ‘ AABB 16
AADBD . ‘ AABD 16
each with 2 F; lines :
aaBB - aaBB 16,
aabb J aabb 16
AaBB ) | AABB 4, AgBB 8, asBB 4
Aabb . . AABb 4, Aabb 8, aabb 4
each with 4 F; lines :
AABb AABB 4, AABb 8, AAbb 4
aaBb ) aaBB 4, ¢aBb 8, aabb 4
- AaBa with 8 Fy lines AABB 1, A¢BB 2, aaBB 1
e ‘ . AABbD -2, AaBb 4, acBb 2 f
: AADD 1, Aabb 2, aabb 1

ﬁéing the generated data we now proceed to obtain the estimates D and i
of D and H by employing the Mather’s method as well as the senior author’s
method. For this purpose we give the relevant quantities in Table 3. 5.

In the Mather’s approach, the estimates D and H are obtained by solving
the following set of equations using the ordinary least square method »

: (%D+——}H+E1=VF2

1 1
7D+*16vH+Eg=VE3

%H'I'Ea:v%
E1=Vzl
E2=V52

E3=V53

¢ 1
2D+
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Table 3. 5. - Mather's statistics based on ' (1) the original observations cmd (2)
the estimated genetic values of the Fy and the F; individuals

T Ex. I Ex. II U Ex I
(Ve 16.788 54.528 23.209
Mather’s statistics . | VF, 8407 44,949 21.588 ,
"pased on the Vs ©9.266 16.602 1.210
original Ve, 17.877 21.897 21.747
observations Ve, 9.436 - 22.291 22.062
Ves 9.555 0.960 1.040
Mather’s statgstics Vo) 9.700 32.344 1.446
based on. the B . .
cotimated genetic | Vs 0708 27.132 0.314
values of the F, Yy . ’ )
yolues oLt Veytor 9.184 16.641 1.212
individuals pe 0.846 1.301 1.038

&% is obtained from the usual analysis of variance table.

If we write the above as X§=Z, where

X =f%— —‘11— 10 O\, 6=¢DY and Z =(VF2\ , then the estimates D
L 9 1 0 " Ve
; 2 16 ; | E, V%
L0 0 1 gz | Ve
0 0 1 0 0 Ve, )
0 0 0 1 0 o \V=:/
0o 0o o o 1/ ‘
andy H in the Mather’s’approach are given by
D\ = (X'X)=-1X! /V5,
H V¥,
E. : Vs,
E. Ve,
ES ' Ve,
Ve,

Hefice, on substituting the corresp&nding values from table 3. 6 for the three
‘examples, we obtain '

Ex.'1 Ex 2 . Ex. 3

D —0.8374 29.386 ~15.8642

N 1.9143 50.434 17.4883
B, 21.2326 27.099 26.8483
o 13.2005 27.089 27.6200

E, 11.4643 . 3.1754 3.2085
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In the senior author’s approach the estimates D and H are obtained by
“-solving the following set of equations using the ordinary least square method.

S D+ HAKis = Vs,
1 1 -
5 D+ H+ Koo =V5 o
—%D-}-%—H—}-azz\—/}a(”

oi=gt

where  Ki=lt+—r " (h_1) and K= 2(@0=1)ta(b=1)

7p{bN;,—1) rp{ba,—1)
Hence, if we denote. it by k
‘Xl =| _%_ %4 Kl ’ 01= D ’ le VFz(c)
11 <! H Yﬁacc)
2 6 2 o? Vergo
11 \»
0 0 1

we obtain the estimates of D, H and ¢ as =(X/X1)*X\Z, .

A m» (wid

On substituting the relevant values from tabley 3. 6 for the three examples
~we obtain

Ex. 1 Ex. 2 " Ex. 3

D 0.107 51.429 0.396
f1 ~1.328 21.212 0.717
pe 9.673 1.247 ' 1.037

Comments

As the main purpose of the senior author’s approach is ‘to allow. for a
better control over the soil hetergeneity of blocks than that of Mathérs, it
might be expected that the senior auther’s approach would be more efficient
than that of Mather as regards. the estimation of D and H. ‘This is in fact
evidenced from the results of the three generated examples,. as given in the
previous’ section. . .

From table 3. 6 it seems, however, that the efficiency of the senior author’s
method depends in turn on the"v'alues of ¢% D and H. This may seem tofbe
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Table 3. 6.  Comparison of the senior author's method with that of
Mather as regards the estimation of D and H

Ex. I
Theoretical value Mather’s Method Author’s Method
D 0.5 —9.8374 0.107
. H ) 0.18 1.9143 —1.3280
E, ) . 21.2326
E; ‘ - 13.2005 :
Eg (=0%) ’ 9.00 11.4643 9.673
Ex. II
Theqretical value Mather’s Method Author’s Method
D 50.00 29.386 51.429
H 18.00 50.434 - 21212
E; 27.099
S DY ' 27.989 .
Ey (=0?) 1.00 3.1754 1.247
Ex. III
Theoretical value Mather’s Method Author’s Method
&
D - 0.50 —15.9643 . 0.396
H 0.18 17.4883 0,717
E, . 26.8483
Ex * | 27.6200
E; (=0?%) 1.0 3.2085 1.037

attributable to the adoption of the  ordinary least square method. For it is
well-known that the efficiency of the estimates é = (X’X)“X"y in EY = X9
depends on the supposition of Vy=0"I,. Since in both the senior author’s
approach and the Mather’s approach this assumption is obviously not valid, the
_efficiency of both the senior author’s and the Mather’s Methods are therefore
related to the degree of deviation of the variances of the Mather’s statistics
from the standart form ¢%I,. For large ¢ such an inflation is  expected to
become appreciable, as evidenced from example 1, of the previous section.
"From table 3. 6, while it is true that the senior author’s method is less
- efficient for large ¢® and small D and H (see results of example 1), it might
be a useful method for small ¢? and large D and H and large block differences
(see results of examples 2.and 3). As noted in section two, the APBIB design
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‘Seenis to be able to reduce ¢? to some extend, the senior author’s method may
seem therefore worthy trying, especially when the block differences are big.
Summary

“(a) In this paper three numerical examples were generated using the
relevant parameters given in-Table 3.1 and employing a fixed model, together
with the rules as speciﬁed in'section 3. Using these generated data we compute
the estimates of the genetic variances D and H in section 3 by employing the
Mather’s as well as the senior author’s method as developed in (2). The
results are given in Table 3. 6, which indicate that in all cases the senior
author’s method seems to be superior to that of Mather (i949) as regards the
estimation of D and H. Such a result is to be expected since the senior author’s
approach may seem to allow for a better control over the soil” hetererogenelty
than that of ‘Mather."

(b) While it might be true that the -senior author’s approach m1ght be
better then that of Mather for the estimation of genetic variances, it seems
that'thé efficiency of the senior author’s -approach is also very low in case ¢°
is. large while D and H are small. This is attributed to the adoption of the
ordinar’y least square method whose  efficiency is closely “related to the degree
of the devmtlon of the covariance matrix of Vrzu), V5 Veycey and o from
the standard form o2, . ‘
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